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A b s t r a c t  

S o l a r  wind plasma and magnetic f i e l d  d a t a  were used t o  

i d e n t i f y  t a n g e n t i a l  d i s c o n t i n u i t i e s  dur ing  t h e  f i r s t  4 0  days 

of t h e  f l i g h t  of Mariner 5. The normals t o  t h e  t a n g e n t i a l  

d i s c o n t i n u i t y  s u r f a c e s  had a s t r o n g l y  p r e f e r r e d  o r i e n t a t i o n  

which was i n  t h e  e c l i p t i c  p lane  and pe rpend icu la r  t o  t h e  

s p i r a l  f i e l d  d i r e c t i o n .  Tangent ia l  d i s c o n t i n u i t i e s  have 

p roper ty  t h a t  t h e  magnetic f i e l d  on both  s i d e s  of t h e  d i s -  

c o n t i n u i t y  and t h e  change i n  v e l o c i t y  a c r o s s  t h e  d i s c o n t i n -  

u i t y  a r e  confined t o  t h e  p lane  of  t h e  d i s c o n t i n u i t y .  For 

q u i e t  plasma streams both t h e  magnetic f i e l d  and v e l o c i t y  

showed s t r o n g  evidence of t h i s  confinement away from the d i s -  

c o n t i n u i t y  a s  i n d i c a t e d  by t h e  f a c t  t h a t  . the  l e a s t  l i k e l y  

d i r e c t i o n s  of changes i n  - B and P - near  t h e  d i s c o n t i n u i t y  

tended t o  be d i s t r i b u t e d  along t h e  normal t o  t h e  d i s c o n t i n -  

u i t y  s u r f a c e .  I n  d i s t u r b e d  plasma s t reams,  t h e  r tagnet ie  

f i e l d  a l s o  behaved a s  it d i d  i n  t h e  q u i e t  s t ream c a s e ,  

while  t h e  v e l o c i t y  confinement i n  t h i s .  case  was only t r u e  

a t  t h e  d i s c o n t i n u i t y  and d i d  n o t  p e r s i s t  away from t h e  d i s -  

c o n t i n u i t y .  The l e a s t  l i k e l y  d i r e c t i o n s  of  change f o r  the 

magnetic f i e l d  and v e l o c i t y  near  t h e  d i s c o n t i n u i t i e s  were 

d i f f e r e n t  from t h e  l e a s t  l i k e l y  d i r e c t i o n s  found o v e r a l l  f o r  

t h e  4 0  days s tud ied .  



I, Introduction 

In this paper, tangential discontinuities in the solar 

wind are studied to determine if there are preferred directions 

in their orientations and if there are differences between the over- 

a91 solar wind flow and the flow near the discontinuities. 

Tangential discontinuities have been observed previousiy. 

Burlaga and ~ess'(l969) analysis of Pioneer 6 and IMP 3 magnetic 

field and plasma data, with most of the emphasis on the magnetic 

f i e l d ,  resulted in one set of observations. Siscoe et al. -- 
(1969k) used plasma and magnetic field data from Pioneer 6 on 

equal footing and showed that the data were consistent with 

the presence of tangential discontinuities. Definite confir- 

mation was not possible since the plasma velocity component 

out of the ecliptic plane was not reliable. Siscoe and 

C o l e r a n  (2.969) found tangential discontinuities with Mariner 4, and 

like Burlaga and Ness they relied primarily on magnetic field data. 

A i l  three gsoups found that the tangential discontinuities 

observcd or suspected tended to orient themselves on the 

whole along the spiral field direction at the location of the 

spacecraft;however, individual events may deviate from this 

orientation. Siscoe -- et al. (l969b) referred to this effect 

as an east-west asymmetry in the orientation. Siscoe and 

Coieman a l s o  reported that the tangential discontinuity orien- 

tations had a sector dependent north-south asymmetry with 

respect to the ecliptic plane. 



The approach i n  t h i s  paper  is  similar t o  t h a t  of Sisese  

e t  a l .  (1969b) i n  t h e  sense  t h a t  plasma and magnetic field -- 
d a t a  a r e  used on an equal  b a s i s  i n  i d e n t j f y i n g  t a n g e n t i a l  d i s -  

c o n t i n u i t i e s .  I n  a d d i t i o n ,  t h e  plasma d a t a  used h e r e  are 

r e l i a b l e  f o r  a l l  t h r e e  v e l o c i t y  components. 

11. The Experiment ' 

The Mariner 5 s p a c e c r a f t  was launched June 1 4 ,  1 9 6 7  

toward an encounter  wi th  Venus. The p e r i o d  of  i n t e r e s t  i n  

t h i s  paper i s  t h e  f i r s t  f o r t y  days of  t h e  f l i g h t  because 

t h i s  was t h e  time when t h e  d a t a  a c q u i s i t i o n  r a t e  was t h e  

h ighes t .  

A s a t e l l i t e  centered  RTN coord ina te  system was used: 

t h e  R d i r e c t i o n  i s  r a d i a l l y  outward from t h e  sun,  t h e  T 

d i r e c t i o n  i s  p a r a l l e l  t o  t h e  s o l a r  e q u a t o r i a l  p lane  and posi- 

t i v e  i n  t h e  d i r e c t i o n  of p lane ta ry  motion, t h e  N d i r e c t i o n  

i s  d i r e c t e d  northward along - R x  - T. The RT p lane  and the 

e c l i p t i c  p lane  a r e  only a few degrees a p a r t  and thus  are 

e s s e n t i a l l y  t h e  same. 

Magnetic f i e l d  measurements were made by a l o w - f i e l d  

vec to r  helium magnetometer (Connor, 1968) ; t h r e e  v e c t o r  field 

readings were obta ined  every 1 2 . 6  seconds f o r  t h e  f i r s t  forty 

days and every 50 .4  seconds a f t e r  t h a t .  The plasma d e t e c t o r ,  

a  modulated g r i d  Faraday cup (Lazarus -- e t  al. 1967) pointed at 

t h e  sun and measured p o s i t i v e  i o n  c u r r e n t s  i n  32 energy 

l e v e l s  f r o m  4 0  t o  9 4 0 0  ev ,  wi th  samples taken every 5*04 

minutcs a t  the  high d a t a  r a t e .  



The magnet ic  f i e l d  d a t a  c o n s i d e r e d  i n  t h e  f o l l o w i n g  

analysis were 5 . 0 4  minute ave rages  o f  t h e  12.6 second 

readings t o  make t h e  magnet ic  f i e l d  and plasma d a t a  com- 

parable in t ime.  The plasma pa rame te r s  w e r e  o b t a i n e d  

by fitting an i s o t r o p i c  Maxwellian d i s t r i b u t i o n  t o  t h e  

data, Thle u n c e r t a i n t i e s  i n  t h e  pa rame te r s  are 10% i n  

density, 1% i n  t h e  r a d i a l  component o f  t h e  wind v e l o c i t y ,  

lo i n  t h e  f low direc-Lion r e s u l t i n g  i n  an u n c e r t a i n t y  V ~ f  2 
77 of 7 lo 
360 

( i . e .  - conver ted  i n t o  r a d i a n s )  x VR f o r  VT and VN 2 

and a f e w  t e n t h s  o f  a gamma i n  t h e  magnet ic  f i e l d  components. 

111, I d e n t i f i c a t i o n  of .Ta.ngent ia1 D i s c o n t i n u i t i e s  

I d e n t i f i c a t i o n  o f  t a n g e n t i a l  d i s c o n t i n u i t i e s  w a s  mad9 . 
by r e q u i r i n g  t h a t  f i v e  c o n d i t i o n s  be  m e t .  Cond i t i ons  one ,  

four, and f i v e  d e a l  w i t h  t h e  p h y s i c a l  p r o p e r t i e s  o f  tangen- 

tial d i s c o n t i n u i t i e s  wh i l e  c o n d i t i o n s  two and t h r e e  o p t i m i z e  

t h e  reliability of  t h e  plasma and magnet ic  f i e l d  v a l u e s  which 

eharac-Leuize t h e  s o l a r  wind on b o t h  s i d e s  of  t h e  d i s c o n t i n u i t y .  

The  f i r s t  c o n d i t i o n  w a s  t h a t  t h e r e  had t o  be a 20% o r  

more change i n  d e n s i t y  between consecu t ive  d a t a  p a i n t s .  A l -  

though a change i n  d e n s i t y  i s  n o t  n e c e s s a r y  f o r  t a n g e n t i a l  

d i s c o n t i n u i t i e s ,  t h e  c o n d i t i o n  w a s  imposed t o  e l i m i n a t e  a l l  

r o t a t i o n a l  d i s c o n t i n u i t i e s .  

The second c o n d i t i o n  was a  s t e a d y  s t a t e  r equ i r emen t  

to i n s u r e  t h a t  t h e - p l a s m a  and magnet ic  f i e l d  pa rame te r s  

u s e d  i n  the a n a l y s i s  were r e p r e s e n t a t i v e  of  t h e  s o l a r  wind 

on both s i d e s  of t h e  d i s c o n t i n u i t y .  I f  a , b , c , d , e , f  were 



c o n s e c u t i v e  , d a t a  p o i n t s  w i t h  t h e  20% o r .  more change i n  density 

o c c u r r i n g  between p o i n t s  c and d ,  t h e n  it was demanded t h a t  

t h e  plasma and f i e l d  v a l u e s  a s s o c i a t e d  w i t h  p o i n t s  a , b ,  and c 

n o t  change w i t h i n  s u b j e c t i v e l y  d e f i n e d  l i m i t s  ( u s u a l l y  about 

1 0 % )  from p o i n t  t o  p o i n t  and s i m i l a r l y  f o r  d , e ,  and f. If 

t h i s  requi rement  w a s  s a t i s f i e d ,  d a t a  from p o i n t s  b  and e were 

used t o  r e p r e s e n t  t h e  pre -  and p o s t - d i s c o n t i n u i t y  s o l a r  wind. 

The s t e a d y  s t a t e  requi rement  i n s u r e d  t h a t  t h e s e  two p o i n t s  

r e l i a b l y  c h a r a c t e r i z e d  t h e  two s o l a r  wind s ta tes ,  s i n c e  t h e  

s o l a r  wind sample which was used t o  compute t h e  pa rame te r s  

of  t h e s e  two p o i n t s  was e n t i r e l y  on one s i d e  o f  t h e  d i s -  

c o n t i n u i t y .  Tha t  i s ,  s i n c e  t h e  d i s c o n t i n u i t y  occu r red  betaqeen 

c and d  i t  i s  n o t  known f o r  example how much o f  t h e  s a q p l e  

used by p o i n t  c con ta ined  p r e - d i s c o n t i n u i t y  plasma,  but t h e  

plasma f o r  p o i n t  b  must have a l l  come from t h e  p r e - d i s c o n t i n -  

u i t y  plasma. I n  a l l ,  8 2  c a s e s  s a t i s f i e d :  c o n d i t i o n s  o n e  and two. 

The t h i r d  c o n d i t i o n ,  l i k e  t h e  second,  w a s  t aken  t o  opti- 

mize t h e  accuracy  of  t h e  a n a l y s i s .  I t  i s  a p r o p e r t y  of tangen- 

t i a l  d i s c o n t i n u i t i e s  t h a t  B and D2 ( t h e  pre-  and post- -  discon- -1 

t i n u i t y  magnet ic  f i e l d s )  must l i e  i n  t h e  p l a n e  of: the discon- 

t i n u i t y .  Thus fi = x B2/ ( Igl x B2 I ) i s  a u n i t  v e c t o r  normal 

t o  t h e  d i s c o n t i n u i t y  p l ane .  Hence i f  and g2 are very 

n e a r l y  p a r a l l e l  o r  a n t i p a r a l l e l ,  3 i s  n o t  v e r y  w e l l  determined, 

The t h i r d  c o n d i t i o n  i n s u r e s  t h a t  I3 and B2 a r e  s u f f i c i e n t l y  -1 

s e p a r a t e d  s o  t h a t  t h e  u n c e r t a i n t y  i n  fi i s  reduced.  For each 

5,04  minute  average  of t h e  magnet ic  f i e l d  a s t a n d a r d  deviation 

ovc?~: t h e  averag ing  perj-od was cor~lputed for each  cornponefit, Let 



"1 be the largest of the three standard *deviations computed 

for point b and let o2 be similarly defined for point e. Let 

3 a j / ~ ]  - be the greater of 3ol/lgl] and 302/Ig2/ . It was re- 

quired that sin-' (3o//gI)< cos-l (El* B ~ / ( / B ~ / I B ~ I ) ) .  It 

was found that 38 cases satisfied conditions one, two, and three. 

The fourth condition was that there must be pressure 

balance across the discontinuity. If a-particles are ignored, 

eleccra~ isotropy assumed and a proton pressure anisotropy 

introduced, the pressure equation can be written as 

where the pre- and post-discontinuity proton and electron 

temperatures are denoted by the proper subscript, n is the 

proton rtunber density, and 1 - 47r (pil - PL) /B2 is the aniso- 

t r opy  factor. It was found that 5 varied between 0.7 and 1.0 

( see  Wundhausen et a1.,1970 for proton anisotropyland that the' -- 
electron temperature, T,, is generally ~ O ~ O K  < T < 2 x 1 0 5 0 ~  - e- 
(see e , g s ,  Montgomery et al.,l968). Both limits for the usual -- 

temperature range were substituted for T, and T was 
1 e2 

co.m.puted for both cases. This was done for a series of 6's. 

from 0..7 to 1.0. Cases which had unreasonable values of T 
e2 

were to be eliminated. Of the 38 evenks still being considered 

at this stage, 36 had one or more values of T, within the 
CI 
L 

typical electron temperature range previously mentioned and thus 

were consistent with pressure balance across the discontinuity. 

The fifth and final condition, which is a property of tan- 

gential discontinuities, required that there be no flow across 

the discontinuity plane. This would mean that AV *i? = 0 where - 
AV - is thc change in velocity from the pre- to post-discontinuity 



value  and fi i s  t h e  u n i t  normal p rev ious ly  def ined .  Only eases 

wi th  1 AV - * f i 1 <  8 km/sec were cons idered  accep tab le  s i n c e  8 kmlsec 

i s  on t h e  o r d e r  of t h e  u n c e r t a i n t y  of AV. - Of t h e  36 remaining 

cases ,  35 s a t i s f i e d  t h i s  cond i t ion .  

Data from a t y p i c a l  event  i s  shown i n  F igure  1. 

I V .  Matrix Technique 

The major p o r t i o n  of t h e  a n a l y s i s  of  t h e  d a t a  u t i l i z e 2  a 

matr ix  technique f o r  determining t h e  d i s t r i b u t i o n  of a set o f  

vec to r s .  Consider a s e t  of N measurements o f  a v e c t o r  A ,  The - 
N 

r e a l ,  symmetric ma t r ix  T =CAk ( k )  (k) can be formed where 
Rmk,l Am 

All (k )  i s  t h e  Rth compolient of t h e  k t h  v e c t o r .  The t h r e e  or- 

thonormal e igenvectors  of t h e  ma t r ix  g i v e  an i n d i c a t i o n  of the 

p r e f e r r e d  d i r e c t i o n s  of t h e  s e t  of v e c t o r s .  The s t r e n g t h  of 
2 N  2 

t h e  preference  can be found by computing E I =E ( A ( ~ L  e i )  (i=L f ~ I  I 111) . Ik=L 
( 1 -  (k) ( k )  1 h where A -6 / I &  and ei i s  one of t h e  t h r e e  eigenvec- 

2 2 3 
t o r s .  Thus an i s o t r o p i c  d i s t r i b u t i o n  would y i e l d  cIIr 

A 

On t h e  o t h e r  extreme, i f  a l l  t h e  v e c t o r s  were along t h e  ex d i r e c -  
2 2 2 

t i o n ,  t h i s  d i s t r i b u t i o n  would make E ==N, E = E 
11 I11 = 0. 

I t  should be noted t h a t  i n  t h e  d i s c u s s i o n  which follows 

EI w i l l  be assoc,iated wi th  t h e  e igenvec to r  around which t h e  A 'ik 1 
a- 

most tend t o  c l u s t e r ,  whi le  EIII w i l l  be  a s s o c i a t e d  wi th  t h e  

' eigenvector  around which t h e r e  i s  t h e  l e a s t  tendency t o  cluster, 



V, ~iseussion of Results 

1, Orientation of Tangential Discontinuities 

The 35 tangential discontinuities were observed to occur 

at random throughout the 40 days with no obvious pattern. 

That is, they occurred during both high and low velocity solar 

wind streams and in the transition regions between them. 
A 

The tangential discontinuity normals, n, have a strongly 

favored orientation. This can be seen with the help of Figure 2 

in which the normals are plotted in a polar coordinate system 

with the R-axis taken as the polar axis. It is evident that 
A 

the favored orientation of n is in the RT plane and nearly 
A 

perpendicular to the spiral field direction. In additi0n.n 

generally has a small component out of the RT plane but does, 

not have a preferential north or south orientation. Not only 

were there as many northward directed normals as southward, 

but also thexe were no sustained intervals of time when one 

orientation dominated. These results for the preferential 

are confirmed the matrix technique 

to the 'set of normals. Table 1 lists the. RTN components of 

each eigenvector along with the polar angle, 0 ,  and an 

azimuthal angle, Q,, which is measured in the TN plane with 

$ = O 0  corresponding to the positive T direction and $ = g o 0  cor- 
2 

responding to the positive N direction. In addition E~(~=I,II,III) 
2 

and a normalization factor ci /N - , where N is the number of 
A n events, are given. The most favored eigenvector ex 



near ly  perpendicular  t o  t h e  s p i r a l  f i e l d  d i r e c t i o n ' a n d  s l i g h t l y  

t i l t e d  o u t  of the RT plane. I n  Figure  3 ,  CIn i s  p l o t t e d  i n  

t h e  same p o l a r  coordina te  system used i n  F igure  2 and i s  denoted 

by an open c i r c l e  0 .  I t  should be noted t h a t  t h e  magnetic f i e l d  

averaged over  t h e  4 0  days i s  very  c l o s e  t o  t h e  t h e o r e t i c a l  

s p i r a l  f i e l d  d i r e c t i o n :  t h e  RTN components i n  gammas of t h e  

average f i e l d  a r e  (-1.86, 1 . 6 7 ,  0 . 0 5 ) .  

The east-west  asymmetry i n  t h e  o r i e n t a t i o n  of t h e  d i s -  

c o n t i n u i t y  p lanes  agrees  wi th  t h e  p rev ious ly  mentioned observa- 

t i o n s  from o t h e r  s p a c e c r a f t s .  I n  a d d i t i o n ,  it i s  a l s o  i n  

agreement wi th  t h e  genera l  eas t -wes t  asymmetry i n  t h e  s o l a r  

wind which was denons t ra ted  by S i scoe  -- e t  a l .  (1969a) ,  namely, 

t h a t  t h e  f a s t e r  plasma streams tend t o  come from a more 

wes te r ly  d i r e c t i o n  than  t h e  slower s t reams.  

2. Behaviov of t h e  S o l a r  Wind Near Tangential.Discontinuities 

. - I n  o rde r  t o  s tudy what happened away from t h e  immediate 

v i c i n i t y  of a  d i s c o n t i n u i t y  each day was d iv ided  i n t o  e i g h t  

t h r e e  hour segments with t h e  f i r s t  t h r e e  hours  being i n  t h e  

f i r s t  segr-ent  e t c .  The point-by-point changes i n  - B and V - were 

computed w i t h i n  each segment and t h e  n a t r i x  technique  a p p l i e d ,  

The r e s u l t  of t h i s  was a  s e t  of e igenvec to r s  denot ing t h e  

d i r e c t i o n s  along which - B was most l i k e l y  t o  change, l e a s t  

l i k e l y  t o  change, and an in te rmedia te  d i r e c t i o n .  There was 

a similar r e s u l t  f o r  V. - I n  o r d e r  t o  be used  i n  f u r t h e r  analysis, 



t w o  condi t ions  had t o  be met. F i r s t ,  a segment had t o  c o n t a i n  

a t  least h a l f  t h e  maximum number of d a t a  p o i n t s ;  second, 
a 2 "  

c ~ ~ ~ ~ 3 -  5 1  
t o  i n s u r e  t h a t  t h e r e  was a c l e a r - c u t  d i r e c t i o n  

along wl-iich - B o r  - V was l e a s t  l i k e l y  t o  change dur ing  t h e  seg- 

merit, There were 320  segments i n  a l l ,  of which 2 3 6  met t h e  two 

condi t ions  f o r  - B and 1 9 7  f o r  V. - 
T h e  n e x t  s t e p  was t o  apply t h e  ma t r ix  technique  aga in  

b u t  this t i m e  t o  t h e  s e t  of d i r e c t i o n s  of l e a s t  l i k e l y  change 

in .- B f r o m  each of t h e  236 segments and s i m i l a r l y  f o r  t h e  1 9 7  

segments f o r  - V. The r e s u l t s  were d i r e c t i o n s  of l 9 a s t  l i k e l y  

change f o ~  - B and - V which c h a r a c t e r i z e d  t h e  4 0  days. The re-  

suits are summarized i n  Table 2 wi th  t h e  l e a s t  favored d i r e c -  

A B 
tions f o r  change i n  - B,  eI , and i n  V,  - Q~', be ing  p l o t t e d  i n  

Figures 3 and 4 r e s p e c t i v e l y  and denoted b y m i n  both  cases.' 

A v The result f o r  - V a s  r e f l e c t e d  by ex demonstrates  t h e  g e n e r a l  

east-west asymmetry previous ly  mentioned s i n c e  it i n d i c a t e s  

that t h e r e  a r e  few changes i n  - V i n  which AVR and AVT have t h e  

save sign. The r e s u l t  f o r  - B i n d i c a t e s  t h a t  t h e  RTN coord ina te  

sps-kern e s s e n t i a l l y  co inc ides  wi th  t h e  p r i n c i p a l  coord ina te  

systena f o r  t h e  magnetic f i e l d ,  i . e .  t h e  e igenvec to r s  a s s o c i a t e d  

with measurements of changes i n  - B a r e  almost. p a r a l l e l  t o  t h e  

WTN axes* I t  i s  n o t  c l e a r  i f  t h e  r e s u l t  f o r  - B i s  r e a l  o r  a 

spurious conclusion a f f e c t e d  by t h e  method of a n a l y s i s .  I f  

t h e  r e s u l t  i s  r e a l  i t  i s  n o t  c e r t a i n  what t h e  i n t e r p r e t a t i o n  

of i t  would be. 



To de te rmine  t h e  behav io r  of t h e  sol-ar  wind n e a r  t a n g e n t i a l  

d i s c o n t i n u i t i e s ,  t h e  m a t r i x  t echn ique  was a p p l i e d  on ly  t o  those 

a c c e p t a b l e  segments c o n t a i n i n g  t a n g e n t i a l  d i s c o n t i n u i t i e s ,  There 

w e r e  30 segments f o r  B and 2 3  f o r  V. I t  w a s  found t h a t  indeed - - 
f i  t h e  magnet ic  f i e l d  c o n d i t i o n  a t  t h e  d i s c o n t i n u i t y ,  i . e ,  - Be n = O p  

p e r s i s t e d  f o r  some d i s t a n c e  from t h e  d i s c o n t i n u i t y  a s  shown by 

t h e  f a c t  t h a t  t h e  l e a s t  l i k e l y  d i r e c t i o n  o f  change of  - B i s  o n l y  

a few deg rees  from t h e  most f avo red  d i r e c t i o n  of t h e  t a n g e n t i a l  

d i s c o n t i n u i t y  normals (see Table  3 )  . I t  shou ld  be  no ted  from 
2 

E ~ / N  t h a t  t h i s  i s  a r a t h e r  s t r o n g  e f f e c t .  The most f avo red  
A B' 

e i g e n v e c t o r ,  eI i s  p l o t t e d  i n  F i g u r e  3 and denoted  by * *  

There w a s  a  d i f f e r e n t  r e s u l t ,  however, f o r  t h e  v e l o c i t y .  

I f  t h e  23 segments f o r  V a r e  subdiv ided  i n t o  q u i e t  s t r e a m  and  - 
d i s t u r b e d  s t r e a m  segments,  two o p p o s i t e  e f f e c t s  o c c u r ,  The 

b a s i s  f o r  the d i s t i n c t i o n  was t h e  hour ly  average  o f  bulk % 

v e l o c i t y .  I f  t h e  d i f f e r e n c e s  i n  t h e  hour ly  ave rages  of t h e  

bu lk  v e l o c i t y  d u r i n g  t h e  segment were 2-5 km/sec, it was con.- 

s i d e r e d  a  q u i e t  s t r eam o r  small v a r i a t i o n  segment. I f  t h e  

d i f f e r e n c e s  i n  t h e  hour ly  ave rages  w e r e ?  10 kmlsec,  it was 

cons idered  a  d i s t u r b e d  s t r eam o r  l a r g e  v a r i a t i o n  segment,  Thus  

t h e  - V segments f e l l  i n t o  W o  c l a s s e s :  

(a)  s m a l l  v a r i a t i o n  - 6 segments 

(b)  l a r g e  v a r i a t i o n  - 17 segments 

The r e s u l t s  f o r  each  s u b d i v i s i o n  a long  w i t h  t h a t  f o r  a l l  2 3  

segments a r e  shown i n  Table 4 .  A s  i n d i c a t e d  by GIV, the 
A 

Av * n  c o n d i t i o n  a t  t h e  d i s c o n t i n u i t y  seems t o  p e r s i s t  back i n t o  

the plasma f o r  the '  q u i e t  s t r e a m s ,  s i m i l a r  to the behav io r  of 



t he  magnetic f i e l d .  However, f o r  d i s t u r b e d  s t r eams ,  t h i s  

cond i t ion  i s  t o t a l l y  wiped o u t  by t h e  r a p i d  and l a r g e  

scale changes i n  t h e  bulk v e l o c i t y .  Both' eI  a n d e x  f i  vb 

A V' 
are p l o t t e d  i n  F igure  4 i n  a d d i t i o n  t o  e I  and a r e  denoted 

by *,+, and @ r e s p e c t i v e l y .  

The magnetic f i e l d  and v e l o c i t y  beha,vior i s  q u i t e  

different near  t a n g e n t i a l  d i s c o n t i n u i t i e s  than  i s  t h e  c a s e  

overall, For t h e  40 days t h e  l e a s t  l i k e l y  d i r e c t i o n  of 

change i n  - B i s  along t h e  R-direct ion;  however, near  tan-  

g e n t i a l  d i s c o n t i n u i t i e s  t h e  l e a s t  l i k e l y  d i r e c t i o n  f o r  

change was t h e  same a s  t h e  normal t o  t h e  d i s c o n t i n u i t y .  

The q u i e t  s t ream r e s u l t  f o r  V - was very s i m i l a r  t o . t h e  4 0  

day r e s u l t .  A d i f f e r e n d e  came about from t h e  d i s t u r b e d  

s t rcaas  near t a n g e n t i a l  d i s c o n t i n u i t i e s  and t h i s  was s i g n i -  

ficantly d i f f e r e n t  from t h e  40 day r e s u l t .  For d i s t u r b e d  

streams t h e  l e a s t  l i k e l y  d i r e c t i o n  i s  i n  t h e  TN p lane .  

VI, Conclusion 

8," There  i s  a  s t r o n g l y  favored d i r e c t i o n  f o r  t h e  o r i e n t a t i o n  

of t a n g e n t i a l  d i s c o n t i n u i t y  normals. The d i r e c t i o n  i s  

perpendicular  t o  t h e  s p i r a l  f i ie ld d i r e c t i o n  and pre-  

dominantly nea r  t h e  e c l i p t i c  p lane  i n  agreement wi th  

o t h e r  observa.tions. There was no evidence of a nor th-  

s o u t h  asymmetry, however. 



2. The magnet ic  f i e l d  some d i s t a n c e  away from t h e  d i s c s n -  

t i n u i t y  s t i l l  appea r s  t o  be  con f ined  t o  t h e  same plane 

i n  which it was conf ined  a t  t h e  d i s c o n t i n u i t y .  

3 .  For  q u i e t  streams, t h e  changes i n  v e l o c i t y  away from t h e  

d i s c o n t i n u i t y  also t end  t o  be  con f ined  t o  t h e  same 

p l a n e  i n  which changes were conf ined  a t  t h e  d i s c o n t i n u i t y .  

4 .  For d i s t u r b e d  streams, the changes i n  v e l o c i t y  away from 

t h e  d i s c o n t i n u i t y  are n o t  con f ined  t o  t h e  same plane i n  

which changes were conf ined  a t  t h e  d i s c o n t i n u i t y .  

5. The l e a s t  l i k e l y  d i r e c t i o n  o f  change i n  - B d u r i n g  t h e  4 0  

days under  s t u d y  i s  a long  t h e  R-d i r ec t ion  w h i l e  n e a r  

t a n g e n t i a l  d i s c o n t i n u i t i e s  t h e  l e a s t  likely d i r e c t i o n  i s  

coupled w i t h  t h e  d i s c o n t i n u i t y  o r i e n t a t i o n  a s  mentioned 

- i n  t h e  second conc lus ion .  For  q u i e t  plasma s t r e a m s ,  near  

t a n g e n t i a l  d i s c o n t i n u i t i e s ,  t h e  l e a s t  l i k e l y  d i r e c t i o n  of 

change i n  - V i s  ve ry  s imilar  t o  t h a t  f o r  t h e  4 0  days. 

The d i s t u r b e d  s t reams  have a l e a s t  l i k e l y  d i r e c t i o n  of 

change which i s  predominant ly  i n  t h e  T N  p l a n e  as would be 

expec ted  s i n c e  VR i s  changing by l a r g e  amounts i n  these 

cases .  



Table 1: Eigenvectors fo r  the Distribution of fi 



Table 2: Eigenvectors for the Leas t  Likely D i r e c t i o n  

fox  Changes i n  B and V for t h e  E n t i r e  40 Days - - 



Table 3 :  Eigenvectors for the Least Likely Direction of 

Change in - B in Segments Containing Tangential 
Discontinuities 



Table  4 :  E igenvec to r s  f o r ' t h e  L e a s t  L i k e l y  Direction of 

Change i n  V f o r  Segments Con ta in ing  T a n g e n t i a l  - 
D i s c o n t i n u i t i e s  
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Figure  C a p t i o n s ' .  

F igure  1: I n  t h i s  f i g u r e  d a t a  from a t y p i c a l  t a n g e n t i a l  d i s -  

c o n t i n u i t y  a r e  p l o t t e d .  The d a t a  i n c l u d e  t h e  bulk velo- 

city, p o s i t i v e  i o n  number d e n s i t y ,  pro ton  thermal speed,  

solar e q u a t o r i a l  p o l a r  ang le ,  s o l a r  e q u a t o r i a l  l o n g i t u d e ,  

and t h e  magnitude of t h e  magnetic f i e l d .  

Figuve 2, This  i s  a  p o l a r  p l o t  of t h e  t a n g e n t i a l  d i s c o n t i n -  

u i t y  normals. The R-axis i s  chosen as t h e  p o l a r  a x i s .  

Since a l l  normals a r e  taken  t o  p o i n t  outward, i. e. t o  

have p o s i t i v e  R-components, t h e  p o l a r  ang le ,  8 ,  ranges  

f r o m  0' t o  90°. The o t h e r  angle  i n  t h e  f i g u r e , @  , 

i s  measured i n  t h e  TN p lane  wi th  4 = O 0  corresponding 

t o  t h e  p o s i t i v e  T d i r e c t i o n  and 4 = 90° being  t h e  posi-  

t i v e  N-direction. The ang le  0 i s  measured outward from 

the  c e n t e r  of t h e  p l o t  whi l e  @ i s  i n  t h e  p lane  of  t h e  

p l o t  and i n c r e a s e s  clockwise.  - 

Figure~3, This  i s  a  p o l a r  p l o t  of some o.f t h e  e igenvec to r s  

found i n  t h e  Tables.  The angles  8 and 4 a r e  de f ined  

as they were i n  F igure  2 .  The e igenvec to r s  p l o t t e d ,  t h e  

Tables i n  which they a r e  found, and t h e  symbol used t o  

des igna te  them a r e :  

n .  
Table 1 0 

B 
@-I Table 2 -- 

.f' Table 3 
* 



Figure 4 .  This f i g u r e  is  s i m i l a r  t o  F igure  3 ,  b u t  w i t h  &he 

v e l o c i t y  e igenvectors  p l o t t e d .  The e igenvectors  

presented a r e :  

n 
e1 Table 1 

eIV Table 2 

va 
e1 Table 4 

Vb Table 4 

e I Table 4 
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